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DEsCRIPTroN OF 
Artificial insemination (AI), which is 
labor intensive, is used exclusively to produce 
the approhate1y300 I d i o n  turkeys 
PATERNITY EFFICIENCY IN TURKEYS 
DIFFERS EXTENSIVELY AFTER 
HETEROSPERMIC INSEMINATION 
semination by pooling ejaculates from 10 to 
15 toms [l]. In heterospermic insemination, 
the female receives sperm from more than one 
male so that a mixture Of sperm is availab1e for 
fertilization (see [2] for review). lbrkeysemen 
is Dooled Drimarflv for convenience. to reduce 
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consumed in the U.S. Management practice the effect; of poo; males, and to provide ade- 
dictates the utilization of heterospermic in- I '  quate semen for the large numbers of hens 
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requiring AI on a weekly basis. It is assumed 
that all sperm from all toms are capable of 
transport and storage in the female tract and 
fertilizing eggs. However, paternity efficiency 
after pooling multiple ejaculates has not been 
previously determined in the turkey. 
Extensive semen analysis is fundamental 
to effective sire selection and reproductive 
management in livestock production systems 
where AI is practiced. However, sire selection 
is not a major consideration in the turkey 
industry, possibly due to the high numbers 
of males involved in weekly inseminations. 
Whereas certain male phenotypic traits of 
economic importance are more desirable than 
others, it has generally been assumed that dif- 
ferences in fertility between males were in- 
significant. The evaluation of individual males 
by laboratory personnel in the turkey industry 
is generally limited to assessment of semen 
color, ejaculate volume, and sperm motility 
and viability [3]. Scientists and farm personnel 
use several methods to evaluate turkey semen 
in vitro (for comprehensive review see [4]). 
With few exceptions, e.g., sperm motility [5,6, 
7,8], there is limited evidence that the results 
of any of these procedures can be correlated 
with sperm fertility. 
DNA fingerprinting of offspring has been 
used extensively in many species and is a useful 
tool in determining paternity of progeny from 
females subjected to multiple consecutive 
matings [9,10,11]. Jones and Mench [12] were 
the first to utilize this technique to determine 
paternity of chicks from roosters of the same 
breed. 
The objective of this study was to de- 
termine the paternity efficiency of individual 
toms after heterospermic insemination 
through the use of DNA fingerprinting. Using 
standard semen quality tests, semen from 
toms subjected to DNA fingerprinting was 
evaluated to determine whether measurable 
differences between ejaculate quality or 
sperm characteristics were related to paternity 
efficiency. 
MATERIALS AND METHODS 
EXPERIMENTAL DESIGN 
Semen collection, pooling of ejaculates, 
dilution, and insemination were performed 
using standard industry methods [l]. Toms 
(n = 10/trial) were randomly placed in three 
groups. Semen was collected weekly for 3 wk, 
pooled by group, and used to inseminate 
12 hendgroup. Ejaculates from individual 
toms were also evaluated for semen volume 
and sperm concentration; for viability using 
dual fluorescent stains SYBRPI and Calcein 
AMP1 [13]; and for membrane integrity using 
a hypo-osmotic ethidium bromide stress test 
[14]; they also received a subjective motility 
evaluation. Eggs were collected for 4 wk and 
candled at 7-10 days of incubation to deter- 
mine fertility. Fertile eggs were incubated for 
a total of 28 days; blood was taken from toms, 
hens, and hatched poults and was frozen for 
DNA analysis. Paternity was determined by 
DNA fingerprinting. 
ANIMALS AND SEMEN COLLECTION 
Large White breeder toms and hen 
poults were purchased from a primary 
breeder and maintained under standard 
management conditions during brooding and 
growing periods. At 28 wk of age, toms were 
photostimulated by increasing light exposure 
from 12 hr Iight:12 hr dark to 14 hr light:lO hr 
daik to stimulate semen production. Semen 
was collected using the abdominal massage 
method [15] beginning at 30 wk of age. Toms 
that consistently produced at least 0.1 mL of 
thick white semedejaculate during the first 
three semen collections were selected for 
the study. Large White breeder turkey hens 
were photostimulated at 32 wk of age by in- 
creasing the duration of light exposure daily 
from 6 hr light:18 hr dark to 14 hr light:lO hr 
dark. Hens were inseminated once a week 
with pooled semen for 3 wk beginning 16 days 
post-photostimulation. 
SEMEN EVALUATION 
Semen was evaluated by various tests to 
determine whether a semen and/or sperm trait 
correlated with paternity could be identified. 
Semen from each tom was collected into a 
graduated conical tube and semen volume re- 
corded. The concentration of sperm in each 
ejaculate was measured in a Klett Summerson 
colorimeter (Klett Mfg. Co., New York, NY 
[16]). The percentage of sperm moving in a 
rapid linear path was estimated subjectively 
by light microscopy. Using 10 p L  of diluted 
semen on a slide at room temperature, pro- 
gressive motility was scored on a scale of 0 to 5 
with 0 sqpifying no forward movement and 5 
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representing rapid linear forward progres- 
sion. 
To assess sperm viability, a combination of 
liveldead stains previously validated for use on 
turkey sperm was used [B]. SYBR-14, a mem- 
brane permeant DNA stain, and Calcein-AM 
(CAL), a membrane permeant nonspecific 
esterase substrate (FertiLiit Kit, Molecular 
Probes, Eugene, OR), stain only living sperm, 
producing bright green fluorescence of the 
nuclei (SYBR) or the entire cell (CAL) when 
excited at 488 nm. Propidium iodide (PI) 
stained membrane-damaged cells red. The 
SYBR-14 and CAL were dissolved in anhy- 
drous dimethyl sulfoxide (Aldrich Chemical 
Co., Milwaukee, WI) at a concentration of 
1 mg/mL. The PI was dissolved in Beltsville 
Poultry Semen Extender (BPSE, Continental 
Plastics, Delvan, WI) at 4 mg/mL. Aliquots of 
diluted semen (500 pL) were stained with 
0.27pL of a SYBR-14 or CAL stock (original 
stock diluted 1:lO with DMSO for staining, 
0.1 mg/mL) and 8 pL of PI stock. All samples 
were incubated at 37°C for 15 min. Im- 
mediately after incubation, samples were 
diluted 1:3 in phosphate buffered saline 
(PBS) and analyzed by flow cytometry. For 
both SYBR/PI and CALPI viability assess- 
ment, 10,OOO individual sperm were assessed 
by flow cytometry for each replicate. 
To determine membrane integrity, a hypo- 
osmotic ethidium bromide stress test 
was used [14]. Semen (1OpL) was added to 
a 2 mL solution of ethidium bromide 
(12.5pg/mL) in PBS (296 mOsm/kg) or hypo- 
tonic PBS (60 mOsdkg) and mixed gently. 
The mixed sample was placed in a fluorometer 
(Fluoro-Tec, American Research Products, 
Beltsville, MD) for 2 min to get an initial read- 
ing. To disrupt all sperm membranes, u)pL of 
digitonin (5pg/mL ethanol) was then added 
and mixed, and the same sample was placed 
in the fluorometer and a reading taken 
2 min later. The initial and final readings 
multiplied by 100 gave the percentage of 
nonviable sperm. The difference between the 
iso-osmotic and the hypo-osmotic viability 
was the percentage of sperm that had intact 
membranes. 
FLOW CYTOMETRY 
Quantitative assessment of fluorescently 
stained sperm was performed using an EPICS 
Profile I1 (Coulter Electronics, Inc., Hialeah, 
FL). The flow cytometer utilizes an air-cooled 
Argon laser (488 nm) and is equipped with the 
PowerPak option to provide for three-color 
fluorescence detection in addition to the side 
and forward light scatter parameters. Data 
were collected as log of fluorescence on 10,OOO 
sperm per sample. The green wavelength 
fluorescence (LFL1) was collected through a 
525 nm band pass filter, while the red fluores- 
cence parameters, fluorescence 2 (LFL2) and 
fluorescence 3 (LFL3), were gathered 
through 575- and 635-nm band pass filters, 
respectively. Data were analyzed using the 
Coulter Histogram Analysis program. 
GENOMIC DNA ANALYSIS AND 
PATERNITY EVALUATION 
Blood was collected by standard brachial 
venipuncture in 0.5 M EDTA, aliquoted, and 
frozen at -20°C. Genomic DNA was isolated 
from each 50 pL aliquot as described else- 
where [17]. Eight micrograms of genomic 
DNA from each candidate sire and progeny 
was digested by Hinf I according to standard 
protocol [18]. Prior to digestion, DNA mixes 
from the female parents from each trial were 
made by combining 1 p g  of DNA from each 
of twelve individuals. Digested DNA sam- 
ples from individual samples and pools were 
electrophoresed in 0.8% agarose gel for 36 hr 
and blotted onto nylon membranes after stan- 
dard depurination and denaturation [19]. The 
blots were hybridized using (GATA)5 as the 
probe after end-labeling as previously de- 
scribed [19]. After hybridization, membranes 
were washed at low stringency and then ex- 
posed to film for 6-12 hr. To determine pater- 
nity, only males with progeny-specific bands 
not present in the hen pool were considered 
candidate sires. Among candidate sires, pater- 
nity was inferred if the tom had a bandsharing 
frequency with a poult equal to or greater 
than 50% [u)]. Toms without any of the poult- 
specific bands were excluded as a potential 
sire of a given poult. 
STATISTICAL, ANALYSIS 
Semen evaluation data was analyzed by 
ANOVA using the least squares procedure 
and the General Linear Models and Correla- 
tion Procedures of SAS [21]. Data expressed 
as percentages were arc sin transformed be- 
fore analysis. 
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RESULTS AND DISCUSSION 
Following heterospermic inseminations 
with pooled ejaculates from multiple toms, the 
majority of the progeny were sired by few 
males. For Trials 1-3, seven, nine, and ten 
males, respectively, produced semen and 
were included in the study. In Trials 1 and 2, 
paternity efficiency was highly skewed, with 
only one or two males producing a majority of 
the offspring. In llial 1, one tom produced 37 
of the 70 poults tested (52.9%); in Trial 2, 
two toms produced 83% of poults analyzed 
(Figure 1). In Trial 3, three toms produced 
62% of the progeny. In Trials 1 and 3 all toms 
produced progeny; however, in Trial 2, three 
of nine toms produced no poults. Previous 
assumptions were that the high quality sperm 
from different males in pooled semen were 
equally capable of producing offspring using 
standard industry practices. The present 
study, however, demonstrated that relatively 
few toms sired a high percentage of the prog- 
eny. Of the 26 toms contributing to the pooled 
ejaculates, six (23%) sired more than 60% 
of the 145 poults. Conversely, 14 toms (54%) 
sired 0 to 3 poults. 
Heterospermic inseminations have been 
used in poultry to elucidate the mechanisms 
of oviductal sperm storage [ll, 221. In these 
studies, major phenotypic traits such as dwarf- 
ism, plumage color, or comb shape established 
the paternity. Heterospermic insemination 
has also been used extensively in roosters to 
determine paternity [23,24,25,26]. However, 
these studies evaluated sperm competition 
between few males, unlike the present study, 
in which multiple ejaculates were pooled. 
One of the goals in the current study 
was to determine whether an ejaculate trait or 
sperm characteristic would correlate with 
paternity. None of the semen characteristics 
evaluated were consistently related to pa- 
ternity. No correlation was observed be- 
tween semen volume and paternity efficiency 
(Tables 1, 2, and 3). For toms that averaged 
0.5 mL of semen per ejaculate, only one tom 
produced a high proportion of offspring; the 
other five toms produced less than 6% of the 
progeny in their respective trials. ?tvo toms 
producing the lowest ejaculate volumes pro- 
duced 42% of the offspring. Ejaculate color 
and semen volume are traits routinely used in 
the industry to cull toms from a breeder flock 
[27l. White semen is used because yellow 
semen has been associated with reduced 
fertility (see review [24]). Semen volume can 
vary due to the collector but generally ranges 
from 0.1 to 0.6 mL for each ejaculate. Since 
viscous white ejaculates are assumed equally 
fecund, toms producing low semen volumes 
(< 0.2 mL/ejaculate) are culled on commer- 
cial farms. In our study ejaculate volumes 
varied between toms and when pooled for 
inseminations did not influence paternity 
(Tables 1, 2, and 3). For example, average 
ejaculate volume from one tom was low 
(0.17 mL), yet this tom produced 37% of the 
progeny in Trial 2. In all three trials, only five 
toms averaged more than 0.5 mL of semen, 
yet four of these toms sired less than 6% of 
the progeny. Such observations clearly show 
that semen volume is not a good indicator of 
potential fecundity. 
In addition to visual examination and 
semen volume determination, sperm concen- 
tration is frequently estimated on commercial 
farms. With the development of stud farms, 
which are tom-only farms dedicated to opti- 
m i z i i  semen production and distribution to 
hen farms, the insemination of hens based on 
semen dose instead of semen volume has been 
adopted by alarge portion of the industry [25]. 
Yet sperm concentration is measured in a 
pooled ejaculate, not for individual toms. In 
our study, after pooling several ejaculates 
without correcting for concentration between 
toms (as practiced on modern stud farms) we 
observed no correlation between paternity 
and ejaculate concentration of individuals 
even though sperm concentration ranged from 
3.8 to 7.4 billion sperm/mL (Tables 1,2, and 3). 
In other studies, sperm numbers have been 
shown to influence paternity after hetero- 
spermic insemination [24,26,27,28]. Because 
the concentration of turkey sperm is ex- 
tremely high (ejaculate concentrations in the 
billions/mL) compared to the ejaculates of 
other species, differences in total sperm 
numbers between toms might not have varied 
enough to influence sperm competition. That 
is, the number of sperm from each tom may 
have far exceeded the minimum number of 
sperm necessary for fertility. Use of a sub- 
stantially decreased sperm concentration 
(millions) may have yielded the correlations 
between paternity and number of sperm in- 
seminated observed in other studies. 
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TABLE 1. Eiaculate characteristics and semen quality assessment of individual toms in Trial 1 ranked by 
194 
196 
200 
197 
195 
3.3 050k0.09 5.7k05 2.820.6 70.2k4.6 675k3.0 84.4k1.9 80.027.3 
3.3 0.18k0.07 3.8k0.5 1.2k0.2 69.3k14.6 67.4k14.1 78.9k5.1 55.0214.4 
0 0.35 k0.08 5.8k0.9 2.1205 59.0k3.9 59.924.9 82.8k2.1 87.023.0 
0 0.43k0.05 5.4k0.8 2.220.2 70.6k5.7 72.224.3 89.9k1.1 58.3215.0 
0 0.18k0.07 5.922.1 2.3k0.9 6 7 5 5 . 5  71.325.1 83.7k1.1 78.8k8.7 
SDerm viabilitv and sDerm Dlasma mem- I stress test results also did not influence hen 
brane integrity are semen quality characteris- 
tics often examined. Utilizing dual-stained 
sperm and flow cytometry, thousands of sperm 
can be objectively assessed in a relatively short 
time period. In this study, even though the 
proportion of live cells in ejaculates from in- 
dividual toms ranged from 50 to 80%, no rela- 
tionship between sperm viability and paternity 
was observed (Tables 1,2, and 3). Similarly, no 
relationship between membrane integrity and 
paternity was observed (Tables 1, 2, and 3). 
Previous fertility trials that adjusted the num- 
ber of viable sperm based on hypo-osmotic 
fertility [14]. 
The tom producing the most progeny in 
Trial 1 also had the highest sperm motility es- 
timates, and paternity efficiency and sperm 
motility were positively correlated in this trial 
(P c .05, Table 1). However, this was not the 
case for Trials 2 and 3, in which the males 
with the highest sperm motility produced few 
or no offspring (Tables 2 and 3). Several inves- 
tigators have reported correlations between 
subjective motility estimates and fertility [29, 
30, 311. Comparing roosters of different 
breeds in a heterospermic insemination ex- 
periment, Allen and Champion [a] found a 
220 
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TABLE 3. Ejaculate characteristics and semen quality assessment of individual toms in Trial 3 ranked by 
*SYBR-14, a membrane permeant DNA stain and Calcein-Ah4 (CAL), a membrane meant nons cifc esterase 
substrate stain on1 livin sperm, prpducin bAght green fluorescence of the nuclei SGR) or the en% cell (CAL) 
when excked at 4 d n m .  {ropidiurn iodide &'I) stained membrane-damaged cells rei. 
positive correlation between motility (as sub- 
jectively scored on a microscope slide) and 
fertility (R = .72). Assessment of sperm mo- 
tility of individual toms is not standard prac- 
tice on breeding farms. This may occur 
because of the subjectiveness of motility 
estimates and the inability to reliably compare 
defined motility values between investigations, 
or because motility appeared convincing in 
one trial but was not repeatable in subsequent 
trials, as occurred in the present study. 
Although the means for identifymg high 
and low fecundity in toms are currently 
available, it would be impractical to use 
DNA fingerprinting for commercial iden- 
tifcation of paternity efficiency due to: 1) the 
expense and technical expertise required 
for the procedure; 2) the time delay between 
insemination-hatch and paternity analysis of 
poults (a minimum of 5 wk), which would 
result in a substantial loss of a sire's reproduc- 
tive lifetime; and 3) the need to collect blood 
samples from all potential sires, hens, and 
poults for DNA analyses. The identification of 
a semen trait which could be correlated with 
hgh or low rates of paternity would have im- 
portant management and financial benefits. 
The selection of young poults based on semen 
traits which correlate with future fecundity 
may allow a reduction in the number of toms 
raised and placed on the stud farm and even 
an increase in the interval between successive 
inseminatons. 
A philosophy exists in turkey management 
that semen is pooled from many toms in order 
that males of high fertility potential will com- 
pensate for toms with low fertility potential. 
However, the effect of semen pooling on pa- 
ternity efficiency had not been demonstrated 
scientifically until now. Toms with substandard 
fertility are managed throughout their breed- 
ing lifetime, yet they could be eliminated if 
identified early in production. A method to 
systematically cull toms of low or no paternity 
potential could dramatically alter commercial 
tom management. 
CONCLUSIONS AND APPLICATIONS 
1. Paternity efficiency was highly skewed, with few toms producing a majority of progeny. 
2. Semen parameters evaluated, some of which are used routinely by the turkey industry, were 
3. Although some individuals are not contributing to progeny, the current commercial prac- 
not good predictors of paternity. 
tice of pooling ejaculates from toms does not take this into consideration. 
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